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Abstract 
Several environmental vehicle rating tools have been developed in order to promote the purchase and the use of greener cars. 
However those were developed/applied at a regional/country specific level. There is a need to develop a broader methodology 
that can be applied in a multi-country perspective for the assessment of the environmental rating of vehicles with alternative 
types of fuels as well as different types of drivetrain, such as electric, hybrid, plug-in hybrid and fuel cell hybrid. The 
environmental indicators usually relates to greenhouse gas emissions (GHG), air pollutants emissions (HC, CO, NOx, PM, 
SOx) and noise levels. US rating methodology developed by ACEEE is guided by Life Cycle Analysis (LCA), but disregards 
noise impacts (scores vehicles from zero to 100 (best)). EcoScore Belgian methodology adopts a LCA perspective, 
disregarding the materials of vehicle impact, but giving some importance to the noise impact (scores from zero to 100(best)). 
The German Verkehrsclub Deutschland’s (VCD) current rating system does not purport to be an LCA, and it has been 
modified based on evolving views about the importance of various automobile impacts. VCD scores from 0 to 10 (best). It 
considers impacts in nature both from CO2 (vehicle manufacturer information) and pollutants (European Standards), in human 
health from pollutants, also considers noise. Australian Green Vehicle Guide (GVG) rating methodology considers only usage 
stage, giving zero to 10(best) points to GHG and air pollutants, disregarding noise. The overall rating is based on the sum of 
the air pollution and greenhouse ratings (zero to five star (best)). For the vehicle in-use emissions usually a non-realistic, 
standard, driving cycle is used and again differs from country to country, despite aiming at representing urban and extra-urban 
driving.  
This paper presents the application of the revised methodologies to existent alternative vehicle technologies, pure electric 
vehicle (Nissan Leaf), gasoline hybrid (Toyota Prius), plug-in hybrid (Toyota Prius), conventional gasoline (VW Beetle TSI), 
conventional diesel (VW Golf 2.0 Bluemotion), where the urban and extra-urban driving is considered in the same fashion at 
a multi-country level. Preliminary results of the methodologies rank highly Honda FCX Clarity and Nissan Leaf. 
Conventional vehicles occupy bottom places in the rankings. The influence of the driving cycles is discussed. 
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1. Introduction 
Environmental impact of the use of road vehicles is a matter of concern; governments are applying different 
policies to decrease fuel consumption and emissions. For governments this subject is of particular concern once it 
also implies economic impacts –both from nationals’ health and fuel importation.  
In fact in order to obtain a cleaner local and global environment there is the need to change the behavior of 
individuals regarding private transportation; the main question is where to start. 
Several actions to reduce light-duty vehicles impact are being enforced worldwide, usually from governments 
(top to bottom approach), but some initiatives come from non-governmental agencies. Cities administrations’  are 
applying different policies in order to obtain a cleaner environment, for local emissions reduction main strategy 
seems to be the applications of “low emissions zone”, which means that vehicles prior to a certain year or 
legislation are not allowed to circle in a well-established  area, usually town/historical centers. Also some 
experiments regarding the prohibition to circle in the city for random vehicles in certain week days or daily hours 
were conducted, for instance in Mexico city, a policy for vehicles not being able to enter the city in certain days 
according to the last number of their license plate was implemented. The efficacy of these measures is not always 
as expected, as may be seen in (Silva 2013; Davis 2008; Carslaw and Beevers 2002; Baptista et al. 2012). 
Country governments are also applying some incentives measures in order to reduce the amount of high emitter 
vehicles in the roads, by attributing financial retributions for vehicle disposal/purchase of greener vehicles 
(electric vehicles, hybrid vehicles and plug-in hybrid vehicles); taxation indexed to the CO2 emissions and 
reduced taxes for cleaner vehicle technologies for instance. Since July 2005, United Kingdom launched the 
"Green Label" that is intended to let the consumer know about the environmental impact that a particular car will 
have by detailing the amount of CO2 the car will produce per kilometre.  These bands are consistent with the 
vehicle registration tax (VRT) and annual motor tax for new cars, calculated on the basis of carbon dioxide (CO2) 
emissions from vehicles. 
The awareness of inhabitants regarding vehicle usage impact is of high priority, thus at a broader level country 
governments applied vehicle labeling regulations in order to inform end user of the vehicle fuel consumption and 
CO2 emissions (EPA 2011; EC 2000). In terms of pollutants, regulation for vehicles in market is mandatory for 
automotive manufactures’ products to comply with emissions legislation, for instance in Europe (EU) the euro 
standards and for United States (US) Tier or California LEV emission standards.  
At a non-governmental level some rating methodologies assess the vehicles’ environmental impact by 
comparison with other vehicles in order to develop end-user awareness, for example, United States American 
Council for an Energy-Efficient Economy (ACEEE) Greenscore, Belgium Ecoscore, German VCD and 
Australian Green Vehicle Guide (Vaidyanathan and Langer 2011; Timmermans et al. 2006; ADIT 2004; VCD 
2012). These methodologies are being applied in each country and comprise different parameters; some consider 
vehicle total life cycle, others partial life cycle, but all of them assess vehicle usage. Vehicle usage is a parameter 
that at the moment is considered dependent of the geographical area and usually is characterized by using directly 
or indirectly the regulation cycles of the locations for ranking calculation purposes. Driving cycles used are 
considered to replicate typical driving for each country, for instance New European Driving Cycle (NEDC), 
which is a stylized cycle used for vehicle emissions certification and fuel consumption measurements in Europe, 
is supposed to represent four times an ECE  urban based cycle which represents urban driving conditions, 
characterized by low engine load, low speed and low exhaust gas temperature and a EUDC cycle which is 
representative of an extra urban driving cycle characterized by a most aggressive driving mode and higher speed.  
As another example, Federal Test Procedure (FTP-75), which is the US driving cycle used for vehicle emissions 
certification replicates an urban driving cycle. For fuel consumption the Corporate Average Fuel Economy 
(CAFE) is used and a combined urban (FTP) and extra-urban driving (EPA Highway Fuel Economy Cycle - 
HWFET) is used in a 55/45% weighting system. These are examples of cycles, used for certification purposes; 
however they are not much representative of real driving conditions. There are several studies that compare 
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standard cycles with real driving conditions returning usually differences in the order of 15% for CO2 emissions 
within conventional vehicles (Mellios et al. 2011). 
In this study we intend to discuss how the environmental rating of different vehicle technologies is influenced 
by the end-user behavior, i.e., by the driving cycle used to measure fuel consumption and emissions.  
2. Vehicle rating methodologies 
There are several environmental rating methodologies for vehicles, which are designed for vehicle technologies 
comparison and are specific for each country. Some of them use diverse life cycle stages of the vehicle; others 
use only the usage phase of the vehicle. In this study, methodologies were selected based in their characteristics 
(mainly due to life cycle stages considered in each), geographical area (it was intended that different world 
regions were represented) and the methodology information availability in order for authors being able to apply 
the methodology for different vehicle technologies and driving cycles. Four methodologies were analyzed in 
detail, one for US, two for EU and one for Australia. It is of note that Belgium, Germany and Australian 
methodologies use European Standards, which imply roll bench test with NEDC, and US methodology use FTP-
75 for roll bench test and different emission limits according to US Tier2 or California LEV. As far as the authors 
know Japan has not yet established an environmental rating scheme but use the JC08 driving test for emission 
limits certification. Previous studies showed that the different standard driving cycles have a high impact in Plug-
in Hybrid Electric Vehicle (PHEV) charge depleting and sustaining consumption and emissions (Silva, C. et al, 
2009).  
2.1. Life cycle based vehicle ranking methodologies 
• Greenscore (US) 
ACEEE´s Green Book® Methodology (2011 Edition) rates vehicles according to their environmental impact 
based in life cycle assessment (Vaidyanathan and Langer 2011).  Though it does not consider vehicle total life 
cycle, once it disregards product distribution, it is the methodology considered in this study that uses more stages 
of LCA. It considers three life cycle stages: vehicle in use tailpipe emissions (tank-to-wheel (TTW)), fuel supply 
cycle (well-to-tank (WTT)) and vehicle embodied emissions regarding vehicle manufacture, assembly and 
disposal. Vehicles are scored according to their health and global environmental impacts.  
For vehicle in use emissions this methodology uses US regulations for carbon monoxide (CO), hydrocarbons 
(HC), nitrogen oxides (NOx) and particulate matter (PM10). It is assumed by this methodology that the vehicles 
emit at the levels of their certification, which is performed by submitting vehicles to FTP-75 and HWFET.  
Fuel supply cycle considers upstream emissions from different fuel, e.g., diesel, petrol, electricity, biodiesel 
and hydrogen, thus it varies for each technology and is proportional to vehicle fuel consumption (Delucchi 2005). 
Vehicle embodied emissions are dependent on the material used to build the vehicle, where and how these 
materials are produced and disposed after vehicle usage. Hence it is a very complex chain and data are not 
systematically available. Argonne National Laboratory developed GREET model (Burnham 2012; GREET 
Model 2012), which was used to examine energy use and emissions associated with vehicle production, recycling 
and disposal, and derive linear correlations between greenhouse gases (GHG) and criteria pollutants with vehicle 
and battery weight for diverse light-duty vehicle technologies.  
Green Book® rating system is based on environmental economics meaning it attributes a cost to the impact 
caused by emissions,  expressed in an environmental damage index, EDX, 
EDX = i Damage (Impact i); EDX = dijeij 
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Where i is an index over emission species (air pollutants, including GHG) and j is an index over locations of 
emissions. dij is an environmental damage cost (e.g., cents per gram); eij is the quantity of emissions averaged 
over a vehicle's operational life (e.g., grams per mile).  
The damage index so defined represents environmental impacts averaged over vehicle lifetime travel distance 
and the units can be given in cents per vehicle mile (¢/mi). 
To facilitate communication and comparison between vehicles they perform a derivation from the 
Environmental Damage Index (EDX), an indicator to convey rankings in ACEEE’s Green Book®, which is the 
Green Score on a higher-is-better scale of 0 to 100: 
Green Score=ܽǤ ௘షಶವ೉Ȁ೎ሺଵାಶವ೉೎ ሻ್
, with a=100, b=3 and c=8.19¢/mi 
Green Score range inversely to EDX and it spreads out the scores for future “green vehicles” at the expense of 
less differentiation among current vehicles. 
• Ecoscore ( Europe - Belgium) 
Ecoscore methodology aims at the comparison of the environmental burden caused by different vehicle 
technologies and fuels (Timmermans et al. 2006). It is an environmental score that may be applied to light-duty, 
heavy duty vehicles or two-wheelers. It considers partial life-cycle of a vehicle by performing a well-to-wheel 
(WTW, WTT+TTW) approach, as it takes into account the most important pollutants emitted from vehicle usage 
phase – exhaust emissions – and fuel upstream emissions, which came from fuel production and distribution.  For 
each stage the following damage categories are considered: air quality depletion (effects on health - Carbon 
monoxide (CO), Hydrocarbons (HC), Nitric oxides (NOx), Particulate matter (PM) and Sulfur dioxide (SO2) - 
and ecosystems NOx and SO2), climate change - Carbon dioxide (CO2), Methane (CH4) and Nitrous oxide (N2O) 
and noise pollution.  
In the calculation of the total impact of the vehicle, the exposition of the receptors is taken into account, giving 
the indirect emissions a lower weight than the direct ones, except for GHG, due to their global environmental 
effect. After the emissions calculation, their contribution to the different damage categories (climate change, air 
quality depletion and noise (engine noise)) is analysed (Fig. 1. shows the weight of each category). 
 
Characterization is related with the impact/damage factors, which are associated to the damage category due to 
both, direct and indirect emissions. This is made through internalization with monetary values in case of the air 
quality and the Global Warming Potential (GWP) in the case of the greenhouse gases emissions (Timmermans et 
al. 2006). 
To quantify the relative severity of the evaluated damages of each damage category a normalization step based 
on a reference vehicle is done. In a final step the normalized damages are weighted and then summed to become 
the total environmental impact (TI). 
Fig. 1. Ecoscore weighting by impact category 
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The total environmental impact (TI) is rescaled, based on an exponential function, to obtain results between 0 
(infinitely polluting) and 100 (emissions free and silent vehicle). The closer to 100, the more environmental 
friendly the vehicle is (Boureima et al.). 
ܧܿ݋ݏܿ݋ݎ݁ ൌ ͳͲͲǤ ሺെͲǤͲͲ͵ͷ͹Ǥ ܶܫሻ
ܶܫ ൌ σ D௜௜ Ǥ ௜  with σ D௜௜ =1 , where: 
TI – total impact of the assessed vehicle; D௜  – weighting factor of damage category i  
The weighting factors used in the methodology are based on a weighting method allowing reflecting policy 
priorities.
ݍ௜ ൌ ொ೔ொ೔ǡೝ೐೑ where: 
ݍ௜ – normalized damage on category I; ܳ௜ – total damage of the assessed vehicle on category i 
ܳ௜ǡ௥௘௙  – total damage of the reference vehicle on category i , the reference vehicle is an ICEV petrol with 
emissions levels of Euro 4 standard and CO2 emissions of 120 g/km. The noise level is 70 dB(A). The reference 
vehicle corresponds to a TI of 100 and an ecoscore of 70. 
ܳ௡௢௜௦௘ ൌ ܧ௡௢௜௦௘ െ ሾͶͲܾ݀ሺܣሻሿ, where: 
ܳ௡௢௜௦௘ – total damage of the assessed vehicle on category noise ሺܾ݀ሺܣሻሻ 
ܧ௡௢௜௦௘  – inventoried noise levelሺܾ݀ሺܣሻ) 
GWP of greenhouse gases is based in the Intergovernmental Panel on Climate Change, values from 2001, 
considering a time horizon of 100 years (CO2 GWP 1; N2O GWP 296 and CH4 GWP 23). These values, even 
outdated are considered to be in conforming to other impact factors used from the literature analysed, considering 
the time horizon. Regarding the air quality emissions, it was used an external cost methodology that attaches a 
monetary value (in /g) to the several emission cat egories, based on the impact that the emissions have and the 
damage they origin to human health and the environment. The monetary values were calculated in extensive 
research projects, with inputs from environmental and health experts and economists. The methodology provides 
different values for pollutants emitted in an urban or non-urban environment. For evaluating the fuel cycle 
emissions, the rural external cost figures are used. Regarding exhaust emissions, a proportion of 25 %urban /75% 
non-urban average is used for the calculation of the environmental score.  
2.2. Usage based vehicle ranking methodologies 
•  VCD Environmental Car list (Europe – Germany) 
Verkehrsclub Deutschland (VCD) publishes every year a magazine that rates vehicles according to their usage 
impact, it considers both human health and environmental aspects (VCD 2012). This methodology was created 
by the Institut für Energie- und Umweltforschung (Institute for Energy and Environmental Research) in 1997 
being updated several times since. It uses only usage phase emissions to calculate the total impact though a 
punctuation system, according to the following weighting parameters: burden caused by pollutants in human 
health; environmental burden; CO2 exposure (Greenhouse gas effect) and burden in human health due to noise.  
This methodology attributes a percentage of 60% of total punctuation to CO2 emissions due to being the main 
responsible for greenhouse gas effect, which is the most critical environmental problem. In Germany road noise 
is taken very seriously once it affects human nervous and cardiovascular system and compromises children 
learning ability and social behavior, thus in total punctuation system noise counts for 20%. Remaining 20% are 
distributed 15% for pollutants effecting human health, more specifically particulate matter (counts for 50% in this 
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category) and nitrous oxides ( NO2 and NOx counting 25% each in this impact category), and lasting 5% is for the 
impact of nitrous oxides (NOx) in environment. These values are calculated according to a scale from 0-10, with 
well-defined values for each category (that may be found in (VCD 2012) . This methodology attributes stars as 
classification regarding total punctuation; however it was not applied in this study. 
Final formula for VCD rating calculation: 
ܶܲ ൌ ܩܪܩ݅݉݌ܽܿݐ ൈ ͲǤ͸ ൅ ܰܫ ൈ ͲǤʹ ൅ ܪܫ ൅ ܰݐܫ , where: 
GHG impact is CO2 punctuation; Noise impact (NI) is db punctuation;  
Health impact (HI) is given by:  
ܪܫ ൌ ሺܰ ௫ܱ݄݈݁ܽݐ݄݅݉݌ܽܿݐ ൈ ͲǤʹͷ ൅ ܱܰଶ݄݈݁ܽݐ݄݅݉݌ܽܿݐ ൈ ͲǤʹͷ ൅ ܲܯ݅݉݌ܽܿݐ ൈ ͲǤͷሻ ൈ ͲǤͳͷ 
Nature impact (NtI) is given by: 
ܰݐܫ ൌ ܰ ௫ܱ݊ܽݐݑݎ݁݅݉݌ܽܿݐ ൈ ͲǤͲͷ 
                                                                                            
• Australian Green Vehicle Guide (GVG) 
In order for vehicles to be registered for the first time in Australia they must comply with Motor Vehicle 
Standards Act 1989, which requires vehicles to meet national standards, covering safety and environmental 
requirements specified in Australian Design Rules (ADR) (ADIT 2004) . These rules specify the maximum 
allowed emissions that a vehicle must emit in a standard roller bench test, which at the moment reflect 
international standards developed by United Nations, usually referenced as “Euro standards”.  
Rating methodology is simple and based in vehicle tailpipe emissions; it assesses air pollution rating and 
Greenhouse rating relatively to HC, NOx and PM emissions and CO2 respectively. This methodology sums both 
ratings and attributes an overall rating based in a combined air pollution and greenhouse score, it also has a 
classification system that attributes stars regarding overall rating, however was not considered in this study. 
ܱݒ݁ݎ݈݈ܽܴܽݐ݅݊݃ ൌ ܣ݅ݎܲ݋݈݈ݑݐ݅݋݊ܴܽݐ݅݊݃ ൅ ܩܪܩܴܽݐ݅݊݃ , where: 
Air Pollution Rating is obtained through predefined values attributed dependent on pollutants emissions 
standards (may be found in greenvehicleguide.gov.au). 
GHG rating is obtained from predefined values attributed according with CO2 emissions measured for vehicle 
certification (may be found in greenvehicleguide.gov.au). 
3. Assessed vehicles 
The vehicles analyzed were chosen by their different propulsion technologies, within similar segment and 
availability in Europe, USA and Japan (exception to diesel vehicle that is not commercialized in Japan).Table 1    
presents the vehicles and necessary characteristics for the four methodologies application. The compared vehicles 
do not have the same size or the same energy consumption but they are inserted in the same market segment and 
are used for the same purpose by the end-user. The technologies respect the standards in each of the countries; 
euro V in Europe, Bin 1 and ZEV for Battery Electric Vehicle (BEV) and Fuel Cell Hybrid Electric Vehicle 
(FCHEV), Bin 3 and PZEV for Hybrid Electric Vehicle (HEV) and PHEV and Bin 5 and ULEV for Internal 
Combustion Engine Vehicle (ICEV) in US (and California) and latest regulations from Japan (from 2009 for 
diesel and 2012 for gasoline engines). 
Table 1. Selected vehicles and their main characteristics. 
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4. Driving cycle specifications 
In this study three driving cycles were chosen to represent different world choices allowing comparing the 
impact in the different rating methodologies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• New European Driving Cycle  
This test procedure is characterized by having both urban and extra urban driving represented; it considers 
four urban trips (ECE) and an extra urban (EUDC), see Fig. 2 a). It simulates 11043m in 1180s at an average 
speed of 33.6 km/h. 
 
• FTP-75 
This test procedure was developed by Environmental Protection Agency (EPA) to simulate a suburban cycle, 
partially highway and partially urban with stops in order to represent traffic; (see Fig. 2 b)). It simulates 
11.04miles (aprox.17km) in 1874s at an average speed of 21.2mph (aprox.34.1km/h).  
 
†
 [a](www.carfolio.com  2012); [b](www.toyota-tech.eu  2012); [c](www.nissan.pt  2012);[d](www.toyota.pt  
2012);[e](www.toyota.com  2012);[f] (http://automobiles.honda.com  2012) 
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Fig. 2. Driving Cycles graphical representation a) New European Driving Cycle for vehicle certification in Europe; b) FTP-
75 for vehicle certification in US; c) JC08 for vehicle certification in Japan.(source:dieselnet.com) 
a) b) 
c) 
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• JC08  
This test procedure is characterized for harsh accelerations and decelerations, in order to simulate driving in 
congested city traffic, (see Fig. 2 c)). It simulates 8.17km in 1200s at an average speed of 24.4km/h. 
Measurements are made with cold (25%) and warm start (75%).  
5. Results 
5.1. Methodologies application to selected vehicles 
For the selected vehicles (see Table 1) the application off the four methodologies and the three driving cycles 
provided the ranking results that can be analyzed in Fig. 3 and Fig. 4. 
It is of note that ICEV technology ranks poorly in all the methodologies, being in average in the lowest 
positions (diesel followed by petrol, exception made for Green Vehicle Guide methodology that ranks petrol 
above diesel, this occur due to pollution standards in US). 
The vehicle that scores highest, in average, according to Green Score is FCHEV, followed immediately by 
BEV. The intermediate positions are occupied by the hybrid technologies, PHEV and HEV, in third and fourth 
place respectively.  
For Ecoscore methodology results are similar except for FCHEV, which ranking is highly affected by the 
emissions from the Hydrogen fuel cycle, this way, in average BEV is considered the best among the considered 
technologies, followed by PHEV and HEV, being FCHEV in fourth place. 
VCD and GVG rank the vehicles similarly with the only difference of VCD ranking higher BEV due to the 
noise impact (for GVG, BEV and FCHEV are both at the same level). For both these methodologies BEV and 
FCHEV come first and are followed respectively by PHEV, HEV and ICEVs technologies.  
Analysing the impact categories and the total impact of vehicles, according to near all methodologies 
(exception made for GVG that balances pollutants and GHG with the same burden) climate (mainly represented 
by CO2) is more damaging than air quality in relation to all the studied technologies. ICEV-Petrol may be 
considered the vehicle with most impact on climate, mainly because of the CO2 emitted during the in-use phase. 
The vehicle that has lowest impact in this category is FCHEV-Honda FCX Clarity. In general, vehicles with ICE 
have more impact on the climate than other alternative technologies. Regarding air quality, the vehicle with the 
most impact is ICEV-Petrol due to the HC emitted during the fuel cycle. If we examine the breakdown of the 
total impact calculated in both Green Score and Ecoscore methodologies, by phase of the life cycle of the vehicle, 
it is clear that in general embodied emissions have a large responsibility for the damage caused by partially or 
fully electric vehicles and are lower in ICE vehicles.  
Regarding in-use emissions phase, as expected, FCHEV-Honda FCX Clarity and EV-Nissan Leaf have no 
damage impact, whereas PHEV, HEV and ICEV have their main damage impact. 
5.2. Driving cycle influence in the different methodologies 
 As may also be observed in Table 1, CO2 emissions are particularly sensitive to the driving cycles, for 
example the Beetle CO2 ranges from 125 to 207 g/km considering different US, Europe or Japan driving cycles. 
Their influence was accounted for by affecting the in-use CO2 emissions and fuel consumption that in turn affect 
the WTT life cycle stage in US and Belgium methodologies. For now methodologies use country standards 
pollutants emissions, this causes the driving effect attenuation for each vehicle technology. Regarding the 
application of Green Book® methodology to the different driving cycles, as it is possible to observe in Fig. 3 a), 
the order of the vehicles in the rating is not altered, though the vehicles present best ratings with NEDC and JC08 
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then with FTP. For the Ecoscore the sequence is altered, as may be seen in Fig. 3 b), for the plug-in hybrid 
vehicle and fuel cell hybrid vehicle. 
 
 
 
   
 
VCD scores vehicles with high similarity in the sequence for the different driving cycles, as it is possible to 
observe in Fig. 4 a), but the influence of CO2 emissions (which accounts for 60% of the total score) between FTP 
and NEDC cycles for ICEV diesel is noticeable. In Green Vehicle Guide this influence is also visible but 
attenuated by the pollutants emissions weight (Fig. 4 b)).   
6. Conclusion 
This study presents in detail four environmental ranking methodologies covering US, Europe (Belgium and 
Germany) and Australia geographical regions. From the application of these methodologies it is concluded that 
they are simplified approaches to quantify the environmental impact that a vehicle have and they are essentially 
useful as a ranking system, in a comparative way of evaluation͘
It is noticeable the high influence of the CO2  tailpipe emissions in the methodologies based in vehicle usage, 
however the pollutants emissions effect is attenuated by considering standard values instead of real emission 
values.  
In general, methodologies that consider the three life cycle phases (US-ACEEE Green Score) are confirming 
that, for BEV-Nissan Leaf, PHEV-Toyota Prius plug-in and  FCHEV-FCX Clarity, the higher contribution for 
the damage caused in the environment comes from the embodied materials phase.  
According to Ecoscore, for the PHEV-Toyota Prius plug-in the highest contribution comes from the fuel 
cycle, as this methodology doesn´t consider embodied emissions. On its turn, HEV, by the application of the 
ACEEE methodology, presents a contribution more or less similar from embodied and in-use; regarding 
Ecoscore, the major contribution comes from in-use phase.  
For ICE, all the methodologies agree that the phase with more impact comes from in-use phase.  
Fig. 3. Methodologies applied to FTP, NEDC and JC08 driving cycles for the technologies considered. (a) ACEEE Green Book® 
Methodology;  b) Ecoscore) 
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Fig. 4. Methodologies applied to FTP, NEDC and JC08 driving cycles for the technologies considered. (a) VCD; b) Green Vehicle Guide )
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As expected for usage based methodologies, as VCD and GVG, vehicles without tailpipe emissions score 
higher and the influence of the driving cycle regarding CO2 emissions have a noticeable high impact. 
It is shown that there is an influence of the driving cycle in all the methodologies, however once the pollutant 
emission used come from the standards; it attenuates the differences in the end results. The final deviations in the 
final score may reach 29% for these methodologies depending on the cycle they use (in general all vehicles score 
higher with JC08 and NEDC); however, the ranking order for the technologies is kept. 
 
Future work will assess the influence of real-driving cycles in the pollutants used in the methodologies and 
observe the influence in the vehicle scores. 
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